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When using benzyl ethers as permanent protecting groups in
oligosaccharide synthesis selective oxidative debenzylation with
NaBrO3 + Na2S2O4 under biphasic conditions is efficient and
compatible with anomeric azides and many other functions.
Azido groups on carbohydrates1 are frequently used in the
synthesis of glycoconjugates2 by 1,3-dipolar cycloadditions3
and in amide forming reactions via Staudinger ligation,4
thioacids5 or after reduction to an amine.6 The introduction
of azido groups can be carried out with protected sugars7 but
also on free carbohydrates at the anomeric center8,9 or by
diazotransfer to amino groups.10 When using synthetic
carbohydrates carrying temporary benzyl protection, azido
groups need to be reacted prior to reductive debenzylation.
Thus, a method for the selective removal of benzyl ethers in
the presence of azides would be desirable. We found that a
biphasic system using a combination of sodium bromate and
sodium dithionite allows the selective cleavage of benzyl
groups even in the presence of anomeric azides.
The appropriate use of permanent and transient protection
groups is one of the key requirements of chemical oligo-
saccharide synthesis. Protecting groups control the overall
reactivity of the building blocks as well as the stereochemistry
during glycosylations.11 Typically a complex combination of
protecting groups is applied providing selective options for
cleavage under acidic or basic conditions in conjunction with
additional groups susceptible to reducing or oxidative environ-
ments. Benzylethers are frequently installed as permanent
protecting groups due to their high stability towards acids
and bases and are commonly removed using a variety of
reducing conditions.12 However, azides are more susceptible
to reduction than benzyl groups. In order to combine the
convenient use of stable benzyl protection during synthesis
with the option to obtain azides after deprotection, non-
reducing conditions are required. We thus investigated the
selective cleavage of benzyl ethers in complex carbohydrates
by Lewis acids and oxidative methods.12
For an initial screen on selective debenzylation methods we
selected trisaccharide 113 where the removal of the benzyl ether
using Pd–H2 in MeOH tended to be sluggish and consumed
inadequate amounts of expensive catalyst. Dimethyldioxyrane
(DMDO) was shown to cleave benzyl ethers14 and thus 1 was
reacted with DMDO (5 equiv.) in acetone.15 The desired
anomeric debenzylation was found, albeit only low conversion
occurred. The acetyl and trifluoroacetamido groups were not
affected under these conditions. Anhydrous FeCl3 in DCM
16
at 0 1C was tested subsequently. It was found that 40 equi-
valents of FeCl3 were required in order to convert most
of trisaccharide 1 to the corresponding hemiacetal 2. The
addition of molecular sieves did not improve the conversion
but instead more FeCl3 was needed. By adding dry FeCl3 in
two portions an isolated yield of 85% of 2 could be obtained
(Scheme 1).
We then tested biphasic oxidative debenzylation conditions,17
which were adapted previously to carbohydrates by using
NaBrO3/Na2S2O4.
18 Trisaccharide 1 was dissolved in ethyl
acetate and stirred vigorously with an aqueous solution of
NaBrO3 and Na2S2O4. High conversion occurred on a 2 g
scale and after quenching the reaction with sodium thiosulphate
the desired hemiacetal 2 was isolated in 91% yield next to only
some unreacted starting material. Under the biphasic conditions
the reaction appears to follow the proposed radical mechanism.17
No evidence was found for any oxidation of the hydroxyl group,
which may occur under certain conditions.19
Encouraged by this outcome the compatibility of the
oxidative reagents with azides was tested. Azide 320 was
reacted with DMDO or NaBrO3/Na2S2O4. Under both
conditions azide 3 was completely stable (Scheme 2). Sub-
sequently, the regioselectivity for benzyl groups21 was probed
with the dibenzylated azide 4.22 In the case of DMDO two
products were obtained. The major product 523 (56% yield)
Scheme 1 (a) DMDO, acetone 0–22 1C (yield not determined);
(b) FeCl3, DCM, 0 1C (85%); (c) Na2S2O4, NaBrO3, H2O, EtOAc,
22 1C (91%).
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resulted from debenzylation only at the primary O-6 position
whereas the minor product 624 (20%) was completely
debenzylated. A corresponding compound with a single
debenzylation at O-3 was not detected after flash chromato-
graphy. The reaction of 4 with NaBrO3/Na2S2O4 gave
complete conversion to the fully debenzylated product 6 as
judged by TLC. Due to its high water solubility compound 6
migrated to the aqueous phase and was difficult to isolate.
It was then investigated if non-anomeric azides are also
compatible. When submitting peracetylated 2-azidoglucose
to NaBrO3/Na2S2O4 no conversion occurred according to
TLC and LC-MS, which indicated that the most common
types of sugar azides are well tolerated.
For oxidative debenzylations the biphasic NaBrO3/Na2S2O4
system showed reliable and high conversions. The debenzyl-
ation of the biantennary N-glycan azide 8 was tested under
these conditions. Heptasaccharide 8 was obtained from 725,26
by acetylation. After stirring for 3.5 h at room temperature the
reaction was complete and the debenzylated heptasaccharide
azide 9 was obtained in 97% yield after flash chromatography.
In order to probe the occurrence of side reactions with this
complex substrate (9), in particular the subsequent oxidation19
of the liberated OH groups, we extended the reaction time to
several days. To our delight only traces of a heptasaccharide,
where the azido group was hydrolysed, were detectable by
LC-MS. Presumably the acidic reaction conditions (pH 1) in
the aqueous phase led to slow hydrolysis at the reducing9,10
end (Scheme 3).
In contrast the reaction of DMDO with the tetrabenzylated
compound 8 gave only a complex mixture of mono debenzyl-
ated heptasaccharides with no apparent selectivity.
Compound 9 was further deprotected by global deacylation
with ethylene diamine followed by a selective N-acetylation.
The free heptasaccharide azide 10 was purified by solid phase
extraction followed by gel filtration. Thus traces of remaining
benzylated intermediates were removed efficiently. Compound
10 was obtained in 73% yield and represents a suitable starting
material for the convergent synthesis of glycopeptides25 as well
as click couplings.
The selective oxidative debenzylation of protected mono-
and oligosaccharides can be carried out in high conversion
using NaBrO3/Na2S2O4 in a biphasic water/ethyl acetate
system. Under these conditions protecting groups of the ester
and amide type as well as azides remained intact. The robust
protocol appears to be unaffected by trace impurities causing
deactivation of hydrogenation catalysts. Oxidation of the
liberated hydroxyl groups was not found under the biphasic
conditions.
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